
life etc. This is due to^ down-sizing, lower prices, and higher reliability

of micro-computers driven by the continuous advancement of integrated

circuits. However, integrated circuits are controlled by extremely small

electric energy, aiya therefore, are subject to errors and damages caused

by some noise transmitted from external sources. Such events will

eventually leadAo various inconveniences and/or accidents owing to

malfunctioniirgoT^<m)ping of various equipment and devices that

contain in^gi4ted circiiits and of systems using them. Consequently,

protection ^^^ectronic devices and equipment that contain densely

packed and comfriicated circuits from noise-related troubles have

become am urgent issue.

[0003]

For suppression of noise-related troubles isolation transformers

of electromagnetic-shield type have been used. The isolation

transformers of electromagnetic-shield type have primary- and

secondary coils isolated by approximately 20 ^, ///-thick aluminum foils.

The isolation transformers of electromagnetic-shield type have such

attenuation characteristics of normal-mode noise as depicted in Figure

9. Namely, in the frequency range of several hundred Hz to 1 MHz the

attenuation increases generally mildly with the frequency to -50dB. In

the range from IMHz to lOOMHz it takes the form of an irregular saw-

tooth wave, which is comprised by troughs and crests of various sizes

between the maximum of -78dB and the minimum of -24dB,

[0004]

The noise attenuation characteristic that occurs in the high-

frequency region above a few MHz, and takes the form of an irregular

s aw - 1oQ th-w aVe^w h i ch-i s~com p rJ s e d--bj/--t and crests of various

sizes is caused by stray capacitance appearing uniquely in each
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transformer; its origin can be traced to the multi-layer, multi-winding

coils having numerous, irregular resonance circuits caused by

complicated combinations of infinitesimally different inter-layer and

inter-winding distributed capacitance as well as leakage inductances.

Components with extremely complicated combinations such as multi-

layer, multi-winding coils in transformers thus have random and

complicated noise attenuation characteristics; as the crests have

extremely low attenuation, this scheme cannot provide highly reliable

isolation transformers. In order to improve the reliability of isolation

transformers it is necessary to increase the attenuation in the high

frequency region exceeding a few MHz and to fully decrease each

amplitude of the saw-tooth wave comprised by troughs and crests of

various sizes, suppressing the crests. As the irregular curves of the

attenuation characteristic is unique to each transformer, the ideal

suppression mechanism ought to commonly and effectively apply to any

transformer. However, it has been impossible for the isolation

transformers of electromagnetic-shield type to satisfy this condition.

[0005]

Therefore, this inventor has developed two types of isolation

transformers to resolve the aforementioned issue confronting the

isolation transformers of electromagnetic-shield type: One of them was

made public in the Japanese Patent No. 2, 645, 256, and, as shown in

Figure 10, it is an isolation transformer, which is characterized by

shielding entirely both primary- and secondary coils by short-circuit

rings 4 made of conducting thin films of thickness of 0.5 ~ 100 m.

[0006]

^Anot her-is-the type-publish e^d-in-IEEE-(-U-. S-._Inst^

Electrical and Electronics Engineers) Transactions on Electromagnetic
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Compatibility, Vol.41, No. 3, August 1999. As shown in Figure 9, this is

an isolation transformer characterized by positioning in the vicinity of,

or more specifically, in-between primary- and secondary coils a short-

circuit ring 4 made of a conducting thin film, which has a thickness of

approximately 1 p. m oi less (hereafter abbreviated as isolation

transformer of short-circuit-ring type). As shown in Figure 6 as an

example, the core that forms a magnetic path between the primary coil 1

and the secondary coil 2, is manufactured by stacking together pieces of

type E core and pieces of type I core of specified dimensions to

specified thickness after stamping them out of an isotropic silicon steel

sheet of thickness of 0,5mm, Furthermore, the short-circuit ring 4 of

conducting thin film is fabricated, as shown in Figure 5 for an example,

by cutting a ring, which is approximately as thick as the primary coil 1

and secondary coil 2, out of a rolled aluminum foil of thickness of

1 U m and by laminating it to a durable polyester film of thickness of 50

U m,

[0007]

This short-circuit ring 4 made of metallic thin film with a large

surface area functions as the tertiary coil connected to the primary- and

secondary coils, respectively. Through this short -circuit ring 4 of

conducting thin film flows the current induced by fundamental wave

current flowing through the primary coil, its higher harmonics, and

high-frequency noise from external sources. In this case, as the high-

frequency components flow essentially at the surface of the conductor

only owing to the skin effect, they flow around the short-circuit ring,

even if the ring is thin. Therefore, being effectively attenuated by the

resistivity of the short-circuit ring, it is hard for the high-frequency

-com p o n en t s-t o~f 1 o-w-from-t h e-prim aT-y-co i luo_the_s e c o^

same time, since the resistivity of the short-circuit ring functions as a
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resistance commonly inserted to all of the resonance circuits, which are

distributed in the form of a number of infinitesimally small irregularly

present resonance circuits due to complex combinations of capacitance

and leakage inductances irregularly distributed in the coils, the

resistivity of the short-circuit ring has the effect of dramatically

reducing the amplitudes of resonances.

[0008]

Meanwhile, the currents induced by the fundamental wave, which

are low-frequency components, are reduced in proportion to the cross

sectional area of the conducting thin film of the short-circuit ring 4.

However, as the short-circuit ring is made of a thin film of thickness of

1 II its cross section is small albeit its width. Therefore, the induced

currents of fundamental-wave component that flows through the short-

circuit ring is extremely small. As a consequence, by positioning this

short-circuit ring 4 with a wide surface area in the vicinity of the

primary- and secondary coils, respectively, an isolation transformer of

short-circuit-ring type, which can eliminate or filter high-frequency

noise, while keeping the loss of the fundamental-wave negligibly small,

is provided.

[0009]

Presented in Figure 11 is an example of attenuation

characteristics for the normal-mode noise of the isolation transformer

of short-circuit ring type depicted in Figure 9. Namely, in the range

from a few hundred Hz to IMHz the attenuation increases generally

mildly with the frequency to -60dB, while in the range from IMHz to

IQOMHz it has the form of an irregular saw-tooth wave, which is

^comprised-b-y_cxe.s.ts_an.d_ troughs of various sizes between the maximum

of -100^5 and the minimum of '53dB. Furthermore, in the range from
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lOOMHz to 300MHz it has the form of an irregular saw-tooth wave,

which is comprised by crests and troughs of various sizes between the

maximum of -12dB and the minimum of -50rfjB.

[0010]

As is evident in Figure 11, the attenuation characteristic curve of

the isolation transformer of short-circuit ring type has a relatively flat

portion with steep crests and troughs replaced with crests and troughs

of smaller amplitudes. In comparison with isolation transformers of

electromagnetic-shield type the isolation transformers of short-circuit-

ring type show considerable improvements concerning the attenuation

characteristic of normal-mode noise in the high-frequency region over

IM//2. More specifically, as shown in Figure 12, the isolation

transformer of electromagnetic-shield type has the lowest attenuation

of -24dB, while as shown in Figure 11 the isolation transformer of

short-circuit-ring type has that of -52>dB, showing an outstanding

improvement of 29dB. The same trend exists for the highest points of

attenuation, which is -78dB for the isolation transformer of

electromagnetic-shield type, while -lOOdB for the isolation transformer

of short-circuit-ring type, showing another outstanding improvement of

22dB,

[0011]

Furthermore, in the high-frequency range over lOMHz

considerable improvements are observed in the normal-noise

characteristic. Namely, as evident in the region encompassed by thick

dotted lines, the normal-mode attenuation characteristic in the range

from lOMHz to lOOMHz of the isolation transformer of the

-eleetromagnetie-slvi^id-t-ype-h a s-the-high es^^^

lowest point of -40dB, while that of the isolation transformer of the
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short-circuit-ring type has the highest point of '9\dB and the lowest

point of -53dB^ showing considerable improvements of 13dB at both the

highest and lowest attenuation points.

[0012]

Though not illustrated, the same trend exists for common-mode

noise; isolation transformers of short-circuit-ring type show

considerable improvements over isolation transformers of

electromagnetic-shield type in the high-frequency region above a few

MHz,

[0013]

Though inside such components having extremely complicated

combinations as multi-layer, multi-winding coils, there exist a number

of resonance circuits caused by complicated combinations of

infinitesimally different inter-layer and inter-winding distributed

capacitance as well as leakage inductances, inside isolation

transformers of short-circuit-ring type the effects of stray capacitance

due to such resonance circuits are evidently reduced. Moreover, as in

addition to increasing the attenuation rates in the high-frequency range

above a few MHz the amplitudes of the irregular saw-tooth shaped

waves with crests and troughs of various sizes were suppressed to the

lowest possible level, the reliability of isolation transformers of the

short-circuit-ring type has been considerably improved.

[0014]

However, as evidently shown in Figure 11, the suppression of

amplitudes of the characteristic curve for the attenuation rate of

-normal^mode_noise_w_i.th_irxegular_sa\v_^to.o_th_sJia.p.e.d„^^

and troughs of various sizes in the high-frequency region above a few
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MHz is not sufficient yet. Therefore, there still remains a question with

regard to the reliability of the conventional isolation transformers of

short-circuit-ring type with a wide short-circuit ring of conducting thin

film covering each surface of primary- and secondary coils and of the

isolation transformers of short-circuit-ring type with a wide short-

circuit ring of a conducting thin film positioned between and in the

vicinity of primary- and secondary coils.

[0015]

[THE ISSUE TO BE RESOLVED BY THE INVENTION]

The issue to be resolved by the present invention is to provide

isolation transformers with high noise attenuation rates as well as high

reliability by sufficiently suppressing the amplitudes of noise

attenuation characteristic curves, which are irregular, saw-tooth shaped

waves with crests and troughs of various sizes, of multi-layer, multi-

winding transformers,

[HOW TO RESOLVE THE ISSUE]

[0016]

An isolation transformer comprised by a multi-layer, multi-

winding primary coil, a multi-layer, multi-winding secondary coil, and

a core that forms a magnetic path between the aforementioned primary

coil and the aforementioned secondary coil, functions as an isolation

transformer to resolve the aforementioned issue by changing the coil

layers of one or both of the coils formed by winding an insulated,

covered, copper-wire to a multi-layer, multi-winding coil, into which a

number of short-circuit rings made of conducting films are inserted and

layered.

T-hc-plan.ei^config^ur_ation_of the aforementioned conductin g short-

circuit rings is made approximately identical to that of the neighboring
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coil-layers, and their thickness is made approximately identical to or

less than the skin depth of the induced current generated by the skin

effect in the high-frequency region, in which resonances should be

suppressed. The aforementioned short-circuit ring is inserted in-

between every coil layer or in-between selected coil layers.

As the aforementioned short-circuit ring, a short-circuit ring of

conducting thin film or a short-circuit ring of conducting thin film

laminated with a plastic film is used.

The aforementioned short-circuit ring has a thickness of 1 n m o\

less.

[0017]

Also, an isolation transformer comprised by a multi-layer, multi-

winding primary coil, a multi-layer, multi-winding secondary coil, and

a core that forms a magnetic path between the aforementioned primary

coil and the aforementioned secondary coil functions as an isolation

transformer to resolve the aforementioned issue by changing the coil

layers of one or both of the coils formed by winding spirally an

insulated, covered, copper-wire to a multi-layer, multi-winding coil,

into which a number of short-circuit rings made of conducting film are

inserted and layered.

The planer configuration of the aforementioned conducting short-

circuit rings is made approximately identical to that of the neighboring

coil-layers, and its thickness is made approximately identical to or less

than the skin depth of the induced current generated by the skin effect

in the high-frequency region, in which resonances should be

suppressed.

The aforementioned short-circuit rings are inserted into every coil

-layer-or—into-seleete^d-eoil-la-yer-s^As-t-he-aforeme —
rings, short-circuit rings of conducting thin film or short-circuit rings
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of conducting thin film laminated with a plastic films are used.

The aforementioned short-circuit rings have a thickness of 1 ul m ox

less.

[0018]

Moreover, an isolation transformer comprised by a multi-layer,

multi-winding primary coil, a multi-layer, multi-winding secondary

coil, and a core that forms a magnetic path between the aforementioned

primary coil and the aforementioned secondary coil functions as an

isolation transformer to resolve the aforementioned issue by changing

the coil layers of one or both of the coils formed by winding

cylindrically an insulated, covered, copper-wire to a multi-layer,

multi-winding coil, into which a number of short-circuit rings made of

conducting film are inserted and layered.

Furthermore, the inner surface of the aforementioned cylindrical

short-circuit rings is made approximately identical to the outer surface

of the neighboring coil, and thier thickness is made approximately

identical to or less than the skin depth of the induced current generated

by the skin effect in the high-frequency region, in which resonances

should be suppressed.

The aforementioned short-circuit rings are inserted in-between

every coil layer or in-between selected coil layers.

As the aforementioned short-circuit rings, short-circuit rings of

conducting thin film or short-circuit rings of conducting thin films

laminated with plastic films are used. The aforementioned short-circuit

rings have a thickness of 1 ji m ox less.

[0019]

^Fur-the^rmore^an4so^lation-t4^ansformer-comp-r4sed-b-^^

multi-winding primary coil, a multi-layer, multi-winding secondary
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coil, and a core that forms a magnetic path between the aforementioned

primary coil and the aforementioned secondary coil functions as an

isolation transformer by changing the coil layers of one or both of the

coils formed by winding an insulated, covered, copper-wire to a multi-

layer, multi-winding coil.

Each layer of the multi-layer, multi-winding coils are formed by

winding an insulated, covered, copper-wire, the surface of which is

further covered with a conducting film that is made approximately as

thick as or less thicker than the skin depth of the induced current

generated by the skin effect in the high-frequency region, where

resonances should be suppressed.

The aforementioned conducting thin films have a thickness of 1 u m

or less.

[0020]

[DESCRIPTION OF THE PREFFERED EMBODIMENTS]

Figure 1 depicts a cross section of an isolation transformer of the

short-circuit-ring type, which is the first embodiment of the present

invention with its bobbin and core omitted and with much reduced

numbers of windings and layers for easier comprehension. Figure 2

depicts a magnified part of Figure 1. The primary coil is a ring-type

coil, in which an insulated, covered, copper-wire 5 was wound with

many (Nl) layers and many (Ml) windings. Likewise, the secondary

coil is also a ring-type coil, in which an insulated, covered, copper-wire

5 was wound with many (N2) layers and many (M2) windings. The

insulated, covered, copper-wire 5 is a general one with an insulated

cover 5b such as enamel placed over a copper-wire 5a. For example, a

transformer with output lOVA for fundamental wave with voltage 22^

-has-1^6-as-M-l—l-66-as-M-2-as~we^ll-as~l^-as-N4-and—14-as

respectively.
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[0021]

As shown in Figure 6, the core that forms a magnetic path

between the primary coil 1 and the secondary coil 2, is a general one

manufactured by stacking together of pieces of type E core and pieces

of type I core of specified dimensions to specified thickness after

stamping them out of an isotropic silicon steel sheet of thickness of'

0.5/w/n.

[0022]

The short-circuit ring 4 of conducting thin film is fabricated, as

shown in Figure 5 as an example, by cutting a ring, which is

approximately as thick as the primary coil 1 and the secondary coil 2,

out of a rolled aluminum foil of thickness of 1 fi m and by laminating it

to a durable polyester film of thickness of 50 ii m. This is fundamentally

the same as the ones used in existing isolation transformers of short-

circuit-ring type shown in Figure 9.

[0023]

In the first embodiment a short-circuit ring 4 of conducting thin

film is positioned between each coil layer of each coil. Namely, in the

primary coil 10, which is comprised by five coil layers 11, 12, 13, 14,

and 15, a short-circuit ring 4 of conducting thin film is inserted in-

between all the coil layers, and a short-circuit ring 4 of conducting thin

film is positioned under the coil layer 11 as well as on the coil layer 15.

Likewise, in the secondary coil 20, which is comprised by five coil

layers 21, 22, 23, 24, and 25, a short-circuit ring 4 of conducting thin

film is inserted in-between all the coil layers, and a short-circuit ring 4

-of-conducting-t-hin-fi^m-is-positiGned-under—the-coiJ-

on the coil layer 25. Therefore, in the isolation transformer of the first

14



embodiment there are in all twelve short-circuit rings 4 of conducting

thin film used with six of them positioned in the primary coil and six

others in the secondary coil.

[0024]

The method to position a short-circuit ring 4 made of a planer,

ring-shaped, conducting thin film into the space between coil layers in

an isolation transformer of short-circuit-ring type shown in Figure 4 is

as follows: Namely, at the bottom of a bobbin, which is not illustrated,

the first short-circuit ring 4 made of a planer, ring-shaped, conducting

thin film is placed, and an insulated, covered copper-wire 5 is wound

once by a winding machine to make a layer, forming a planer spiral,

which is not illustrated. Then at the coil layer 11, which was just wound,

the second short-circuit ring 4 made of a planer, ring-shaped,

conducting thin film is placed. Likewise, at the coil layer 12, which was

already wound, the third short-circuit ring 4 made of a planer, ring-

shaped, conducting thin film is placed. This procedure is repeated to

place a short-circuit ring 4 made of a planer, ring-shaped, conducting

thin film in every inter-layer space, that is the space between a couple

of neighboring layers, until a short-circuit ring 4 of conducting thin

film is placed on the last coil layer 25.

[0025]

It is possible to ground the short-circuit rings 4 of conducting

thin film positioned in-between every layer as well as the short-circuit

rings 4 of conducting thin film positioned at top- and bottom surfaces

of each coil. Grounding makes the short-circuit rings function as shield

plates.

[0026]
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In the first embodiment of the ptfesent invention, each short-

circuit ring 4 of this metallic thin film with a large surface area

functions in principle in the same wyay as former isolation transformers

of short-circuit-ring type depicted fn Figure 9. Namely, through this

short-circuit ring 4 of conducting ^hin film flows the current induced by

fundamental-wave current flowing through the primary coil, its higher

harmonics, and some high-freque/ncy noise from external sources. In

this case, as the high-frequency/components flow essentially at the

surface of the conductor only owing to the skin effect, they flow around

the short-circuit ring, even if/the ring is thin. Therefore, being

effectively attenuated by the/resistivity of the short-circuit ring 4 of

conducting thin film, it is hiard for the high-frequency noise to flow

from the primary con^'Tlp^se^^q.^r^ coil. At the same time, for the

resistivity of each sjiort-circuit ringvfunctions as a resistance commonly

inserted into all of n?e resonance circuits, the resistivity of the short-

circuit rings has the effect of dramatically reducing the amplitudes of

resonances, which are distnlmted in the form of a number of

/
infinitesimally small^irregularly present resonance circuits due to

complex combinations of capacitance and leakage inductances

irregularly distributed in the coils. Meanwhile, the currents induced by

the fundamental wave, which are low-frequency components, are

reduced in proportion to the cross sectional area of the conducting thin

film of the short/circuit ring 4. However, as the short-circuit ring is

/made of a thin film of thickness oil ji its cross section is small albeit

its width. Therefore, the induced currents of fundamental-wave

component that flow through the short-circuit ring are extremely small.

As a consequence, in isolation transformers of short-circuit ring type,

which are the first embodiment, the troubles caused by high-frequency

-noise-Gom^pone^n^ts-GOuJd-be-e^Uminated-or-ex-cIuded,-^^

thiloss of thfe fundamental-wave component negligibly small.
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[0027]

Though the number of short-circuit ring 4 of conducting thin film

used in existing isolation transformers of short-circuit-ring type is one,

as many as twelve short-circuit rings 4 are adopted in the first

embodiment of the present invention. And these numerous short-circuit

rings 4 are inserted in-between every layer that forms coils. For this

reason, a tertiary coil is effectively formed adjacent to each coil layer;

intensifying the electromagnetic interaction between each coil and its

neighboring tertiary coil, i.e., a short-circuit ring 4 of conducting thin

film. That is why the short-circuit rings 4 may eliminate or exclude the

troubles caused by high-frequency noise components more effectively.

Moreover, in the existing isolation transformers shown in Figure

4,)n which a single short-circuit ring 4 is used, the distance from the

short-circuit ring of conducting thin film to each coil layer is different,

and therefore the effect due to conducting thin film of eliminating or

excluding the troubles caused by high-frequency noise components does

not reach all parts of a coil on the average. In contrast, in the isolation

transformer of the first embodiment, in which a short-circuit ring 4 of

conducting thin film is positioned tightly adjacent to every coil layer, it

is possible for the effect of eliminating or excluding the troubles

caused by high-frequency noise components due to conducting thin film

to reach all parts of a coil on the average.

For this reason, the isolation transformer of the first embodiment,

[i^-vv }i i ch-a-s h o r-t' ei r&u i t~r i n g-4-o f-Go n d u G t i n

inter-coil-layer space, shows smaller amplitudes of attenuation

[0028]

[0029]
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characteristic curve with crests and troughs of various sizes more

averaged and contracted than previous ones. Consequently, in

comparison with the existing isolation transformers of short-circuit-

ring type with a wide short-circuit ring 4 of conducting thin film

covering each surface of primary- and secondary coils or with the

isolation transformers of short-circuit-ring type with a wide short-

circuit ring of conducting thin film positioned between and in the

vicinity of primary- and secondary coils, the isolation transformers of

short-circuit-ring type in the first embodiment, have flatter

characteristic curves of noise attenuation rates overall, eliminating or

filtering high-frequency noise components much more effectively. In

this way, the isolation transformers of short-circuit-type keep high

noise-attenuation rates in the high-frequency range exceeding a few

MHz, particularly in the range over lOMHz, while sufficiently

suppressing each amplitude of the irregular saw-tooth wave comprised

by a series of crests and troughs of various sizes.

[0030]

It is possible to implement an isolation transformer of short-

circuit-ring type, which is shown in the first embodiment with a short-

circuit ring 4 distributed to each inter-coil-layer space as shown in

Figure 1, modifying it in various ways as shown in Figures 3 and 4.

[0031]

Depicted in Figure 3 is an isolation transformer with distributing

short-circuit rings 4 of conducting thin film to selected inter-coil-layer

spaces instead of each one. Namely, in the primary coil 1, which is

comprised by six planer, spiral, coil layers 11, 12, 13, 14, 15 and 16, a

p 1 a n e r^s h o r-t -e^i reu i t-r-i n^g-4~o f-G<>nd u G t i n g-^^^

space between coil layers 11 and 12, 13 and 14, 15 and 16, respectively.
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Likewise, in the secondary coil 2, which is comprised by six planer,

spiral, coil layers 21, 22, 23, 24, 25 and 26, a short-circuit ring 4 of

conducting thin film is inserted into the space between coil layers 21

and 22, 23 and 24, 25 and 26, respectively. Therefore, in the isolation

transformer of short-circuit-ring type shown in Figure 3, there are in all

six short-circuit rings 4 of conducting thin film used with three of them

positioned in the primary coil and three others in the secondary coil.

[0032]

Depicted in Figure 4 is an isolation transformer to which this

invention is applied with cylindrically-wound, cylindrical coil-layers

instead of planer, spiral coil-layers; the cylindrical coils are multi-

layer, multi-winding coils that are comprised by plural, cylindrical coil

layers with their inner radii being different by the diameter of the wire.

Namely, in the primary coil 1, which is comprised by five cylindrical,

coil layers 11, 12, 13, 14, and 15, a cylindrical, short-circuit ring 4 of

conducting thin film is inserted into each inter-coil-layer space,

respectively. Furthermore, a cylindrical short-circuit ring 4 of

conducting thin film is placed at the inner surface of the coil layer 11

as well as at the outer surface of the coil layer 15, respectively.

Likewise, in the secondary coil 2, which is comprised by five

cylindrical, coil layers 21, 22, 23, 24, and 25, a cylindrical, short-

circuit ring 4 of conducting thin film is inserted into each inter-coil-

layer space, respectively. Furthermore, a cylindrical short-circuit ring

4 of conducting thin film is placed at the inner surface of the coil layer

21 as well as at the outer surface of the coil layer 25, respectively.

Therefore, in the isolation transformer of short-circuit-ring type shown

in Figure 4, there are in all twelve cylindrical, short-circuit rings 4 of

conduct ing-thin-film-used-with-si-x-of—them-pos it io

coil and six others in the secondary coil.
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[0033]

The method to position a short-circuit ring 4 of conducting thin

film into each space between coil layers in an isolation transformer of

short-circuit-ring type shown in Figure 4 is as follows: Namely, at the

outer surface of a bobbin (not illustrated) the first cylindrical, short-

circuit ring 4 of conducting thin film is placed, and an insulated,

covered copper-wire 5 is wound once cylindrically by a winding

machine (not illustrated) to complete a single layer. Then at the coil

layer 11, which was just wound, the second cylindrical, short-circuit

ring 4 of conducting thin film is placed. Likewise, at the cylindrical

coil layer 12, which was already wound, the third cylindrical, short-

circuit ring 4 of conducting thin film is placed. This procedure is

repeated to place a short-circuit ring 4 of conducting thin film in every

inter-layer space, that is the space between a couple of neighboring

layers, until the last, cylindrical, short-circuit ring 4 of conducting thin

film is placed at the outer surface of the last cylindrical coil layer 25. A

cylindrical, short-circuit ring 4 can be easily fabricated by winding

once a conducting thin film with a specific width around a cylindrical

coil layer.

[0034]

The isolation transformer of short-circuit-type shown in Figure 3,

in which circular, short-circuit rings are inserted into some spaces

between selected, spiral, coil-layers only, and the isolation

transformers of short-circuit-type shown in Figure 4, in which a

cylindrical, short-circuit ring is inserted into each space in-between a

couple of neighboring, cylindrical coil-layers, have attenuation rates of

-high-f-requene-y-noise-almost-as-ef-fe^Gtive as-th^o

transformer of short-circuit-ring type shown in Figure 1. However, the
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efficiency of the former transformers is somewhat less than the latter

because of the smaller number of short-circuit rings used in the former

transformers. Meanwhile, in comparison with the conventional isolation

transformers of short-circuit-ring type or the isolation transformers of

short-circuit-ring type with a wide short-circuit ring of a conducting

thin film covering each surface of primary- and secondary coils, both of

the isolation transformers of short-circuit-ring type shown in Figure 3

and the isolation transformers of short-circuit-ring type shown in

Figure 4 have flatter overall characteristic curves of noise attenuation

with each amplitude of the characteristic curves of attenuation rates

averaged and contracted, eliminating or filtering high-frequency noise

components much more effectively.

[0035]

In this way, the isolation transformers of short-circuit-type

depicted in Figures 3 and 4 keep high noise-attenuation rates in the

high-frequency range exceeding a few MHz, particularly in the range

over lOMHz, while sufficiently suppressing each amplitude of the

characteristic curve, which is an irregular saw-tooth wave comprised by

a series of crests and troughs of various sizes. Moreover, the isolation

transformers shown in Figure 4 has an advantage in the maneuvability

in winding process over the ones shown in Figure 1.

[0036]

Next, the second embodiment of the present invention will be

explained. Figure 7 depicts a cross section of an isolation transformer

of the short-circuit-ring type, which is the second embodiment with its

bobbin and core omitted and with much reduced numbers of windings

"a^n^d^ayeTS-f^r-^asier-eamf^rehension^Figure-8-

of Figure 7. As shown in Figure 8, the insulated, covered, copper-wire 6
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is fabricated with a copper-wire 6a covered with an insulated cover 6b;

the insulated cover 6b is further covered with a conducting thin film 6c.

The thickness of this insulated, covered, copper-wire is approximately

equal to or less than the skin depth of the induced current generated by

the skin effect in the high-frequency range, in which resonances should

be suppressed.

[0037]

This insulated, covered, copper-wire 6 is fabricated, coating

metal such as aluminum by means of vacuum evaporation over a general

insulated, covered, copper-wire, which has an insulated cover 6b such

as enamel placed over a copper-wire 6a. In the multi-layer, multi-

winding coil fabricated by winding the insulated, covered, copper-wire

6, as the surfaces of neighboring conducting thin films are tightly

attached to each other, each neighboring coil layers sandwich a metallic

thin film extremely tightly.

[0038]

The primary coil is a ring-type coil, in which this insulated,

covered, copper-wire 6 is wound with many (Nl) layers and many

(Ml) windings. Likewise, the secondary coil 2 is also a ring-type coil,

in which an insulated, covered, copper-wire 6 is wound with many (N2)

layers and many (M2) windings. For example, a transformer with

output lOVA for a fundamental wave with voltage 22V has 156 as Ml,

166 as M2 as well as 13 as Nl and 14 as N2, respectively.

[0039]

As shown in Figure 6, the core that forms a magnetic path

-beiween-the-pr-imar-y-eGil—t-and-the-secondar-y-coiU^

manufactured by stacking together of pieces of type E core and pieces
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of type I core of specified dimensions to specified thickness after

stamping them out of an isotropic silicon steel sheet of thickness of

0,5mm,

[0040]

In the second embodiment of the present invention, which is

comprised by the primary- and secondary coils with multi-layers and

multi-windings wound by insulated, covered, copper-wires 6,

conducting thin films 6c at surfaces of neighboring wires closely

contact each other, most effectively sandwiching each coil-layer by the

conducting thin films 6c; thus, it collectively forms an isolation

transformer of short-circuit-ring type, which is at least equivalent to

the one manufactured by positioning a short-circuit ring of planer,

conducting, thin film to every space in-between planer, spiral, coil

layers, and simultaneously by positioning a short-circuit ring of

cylindrical, conducting, thin film to every space in-between cylindrical,

coil layers. In other words, the isolation transformer of short-circuit-

ring type in the second embodiment of this invention, which is

presented in Figure 7, is equivalent at least to the combination of the

two isolation transformers of short-circuit-ring type in the second

embodiment depicted in Figures 1 and 4.

[0041]

In this way, in the isolation transformer of the second

embodiment, in which a short-circuit-ring of conducting thin film 6c is

positioned closely adjacent to each other, the closely attached,

neighboring, short-circuit rings of conducting thin film 6c collectively

and simultaneously form planer, short-circuit rings of conducting thin

-fiim-with-wide-^urfaee-a:reas-insertexi"in-betwe^^

layer as well as cylindrical short-circuit rings of conducting thin film
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with wide surface areas inserted in-between every cylindrical coil-layer.

Subsequently, as the electromagnetic couplings between each coil layer

and neighboring short-circuit rings of conducting thin film become the

strongest, elimination or exclusion of the troubles caused by high-

frequency noise components can be performed more effectively by

short-circuit rings of conducting thin film than in the first embodiment.

Moreover, as it is equivalent to positioning each short-circuit ring of

conducting thin film at the closest possible distance from each coil

layer, in this isolation transformers of short-circuit-ring type the

elimination or exclusion effects due to these equivalent short-circuit

rings reach to every part of coils in a more averaged manner.

[0042]

Consequently, in the second embodiment each amplitude of noise

attenuation characteristic curve with a series of crests and troughs of

various sizes is further averaged and contracted in comparison with the

first embodiment. As a result, in comparison with the conventional

isolation transformers of short-circuit-ring type with a wide short-

circuit ring of conducting thin film covering each surface of primary-

and secondary coils and of the conventional isolation transformers of

short-circuit-ring type with a wide short-circuit ring of conducting thin

film positioned between and in the close vicinity of primary- and

secondary coils the isolation transformers of short-circuit-ring type in

the second embodiment have larger noise-attenuation rates in the high-

frequency range exceeding a few MHz, particularly in the range over

lOM/fz, while sufficiently suppressing each amplitude of the irregular

saw-tooth wave comprised by a series of crests and troughs of various

sizes.

[0043]
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The first and second examples in which the present invention

were implemented to isolation transformers comprised by a multi-layer,

multi-winding primary coil, a multi-layer, multi-winding secondary

coil, and a magnetic path of each coil have been explained in detail

above. However, this invention is of course not limited to these

examples of implementation. Though the short-circuit rings of

conducting thin film are applied to both of the multi-layer, multi-

winding primary- and secondary coils in the above examples, they may

be applied to either one. Similarly, though the insulated, covered,

copper-wires made by coating some copper-wires with insulated films,

and further coating the insulated surfaces with conducting thin films

are used in both of the multi-layer, multi-winding primary- and

secondary coils in the above examples, they may be used in either one.

[0044]

The configuration of the wound-up, primary- and secondary coils

are not limited to circular nor rectangular ones, and coils may take any

other geometry. The core that forms a magnetic path between the

primary- and secondary coil is not limited to the ones manufactured by

stacking together pieces of type E core and pieces of type I core shown

in Figure 6, and may be a cut core or other types of cores. The isolation

transformers related to the present invention may eliminate or filter

high-frequency noise components even if they are used in combination

with ordinary means for filtering.

[0045]

[EFFECTS OF THR INVENTION]

Owing to the present invention the isolation transformers of

-short -e^ir&uit-t-ype-w4th-high-noise-atte^nuation-r^

frequency range exceeding a few MHz, and particularly above lOMHz,
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while sufficiently suppressing each amplitude of the irregular, saw-

tooth shaped waves with a series of crests and troughs of various sizes

have been provided.

Namely, the isolation transformers of short-circuit-ring type now have

flatter overall characteristic curves of noise attenuation with each

amplitude of the characteristic curves of attenuation rates averaged and

contracted, eliminating or filtering high-frequency noise components

much more effectively in the high-frequency range exceeding a few

MHZy and particularly above lOMHz.

Consequently, isolation transformers with extremely high reliability

have been provided in comparison with the conventional isolation

transformers of short-circuit-ring type with a wide short-circuit ring of

conducting thin film covering each surface of primary- and secondary

coils and of the conventional isolation transformers of short-circuit-

ring type with a wide short-circuit ring of a conducting thin film

positioned between and in the vicinity of primary- and secondary coils.

[BRIEF EXPLANATION OF FIGURES]

Figure 1 is a cross section view of the isolation transformer in

the first embodiment.

Figure 2 is a cross section view of magnified part of the isolation

transformer in the first embodiment shown in FIGURE 1.

Figure 3 is a cross section view of the isolation transformer of a

modification in the first embodiment

Figure 4 is a cross section of the isolation transformer of another

modification in the first embodiment

Figure 5 is a plan view of an example of circular, short-circuit

-ri ng-o^eoiidueting-thin-^iJ^n

Figure 6 is a oblique view of an example of the core.
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Figure 7 is a cross section of the isolation transformer in the

second embodiment of the present invention

Figure 8 is a cross section view of magnified part of the isolation

transformer in the second embodiment shown in FIGURE 7.

Figure 9 is a cross section of an example of existing isolation

transformer of short-circuit ring.

Figure 10 is a cross section of another example of conventional

isolation transformer of short-circuit ring type.

Figure 11 shows a characteristic curve of attenuation rate for

normal mode noise of a conventional isolation transformer of short-

circuit ring type.

Figure 12 shows a characteristic curve of attenuation rate for

normal mode noise of a conventional isolation transformer of

electromagnetic-shield type.

[EXPRANATION OF SYMBOLS]

1 primary coil

2 secondary coil

3 core

4 short-circuit ring of conducting thin film

5 insulated, covered, copper-wire

5a copper-wire

5b insulated film

6 insulated, covered, copper-wire

6a copper-wire

6b insulated film

6c conducting thin film

11-^ 16 coil layers of a primar y coil „

21 ~26 coil layers of a secondary coil
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